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ABSTRACT 

The computer program described here analyzes the perfor- 
mance of Fermilab Central Helium Liquefier (CHL) and predicts 
the values of the plant thermodynamic variables at all process 
points in the plant. To simulate CHL, this program is modified 
from the prototype program which was developed by Hitachi Ltd. 
a couple of years ago. This program takes care of only the 
steady state simulation and takes account of the change of the 
turbine efficiency, the pressure drops and the UA values of the 
heat exchangers. How to use the program is shown in Appendix A. 

PROGRAM DESCRIPTION 

The principal program SHEREL is approximately 2000 FORTRAN 
statements including comments. 
and the subprograms, 

SHEREL contains the main program 
each of which takes care of the calculation 

for the corresponding component; i.e., the heat exchanger, the, 
expansion turbine, the valve, the phase separators, etc. 
Figure 1 shows the flow diagram for CHL and the numbering used 
in the program. The components are connected by the linkage' L 
points. The main program controls the sequence of the calculation 
and manages the data at each linkage point and each flow path. 
Each component subprogram calculates the outlet process condition 
from the inlet process condition of its component at each iteration. 
Through the iteration the temperature values of the process points 
are changing automatically, and the iteration stops when it 
converges to the appropriate distribution which satisfies the heat 
and mass balance of the system and the restrictions demanded by 
the components. 

In the subprogram for the heat exchanger, the differential 
equation for steady state heat transfer is solved by finite-differ- 
ence method. The average value of helium specific heat is used at 
each flow path for reducing the calculation time. To prevent 
inaccuracy caused by this approximation, some heat exchangers are 
divided into a couple of smaller heat exchangers along the flow path. 

*Visiting engineer from Kasado Works of Hitachi Ltd., Japan. 
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The capacity of the heat exchanger is the product of the 
overall heat transfer coefficient U and the area A, available 
for heat transfer. At the heat exchanger, A is constant and U 
mainly depends on the mass flow M. In the program the following 
expression is used for estimating the value of UA."" 

UA = (UA), (M/l;10)007 

Here, the suffix o means the design condition. 

The pressure drop in the heat exchanger, AP, also depends on 
the mass flow M. The following similar expression is used in 
the program. 

A!’ = (AP)o (M/MO)1*8 

In the subprogram for the valves, the following expressions 
about the coefficient of the valve Cv are used for calculating 
the relationship between the mass flow M and the pressure P. 

il = C Jp12-22 at P2 >O 5 P V . 
47 

1 

i=c -- Pl J3 

v'i- 2 
at P2 co.5 PI 

(units: g/s, atm. K) 

Here, T is the temperature and the suffix 1 and 2 represent the 
inlet and the outlet of the valve. 

The program takes account of the change of the expansion 
turbine efficiency. A typical tendency of the expansion turbine 
efficiency corresponding to the velocity ratio is shown in Fig. 2.3 
In the program, this diagram is approximated by the following 
expression. 

n = nmax costu/Co - a) 

Here, n is the efficiency of the expansion turbine, u is the rotor 
tip speed, Co is the velocity equivalent of the adiabatic head and 
a is the value of u/C, where the efficiency reaches the maximum. 

The basis for the design of the plant is the TS diagram shown 
in Fig. 3. A total of approximately 1.0 g/s of helium fl,ows out 
of the process through the labyrinth seals of the expansion 
turbines. The program neglects this flow which amounts to 0.07% 
of the design value of the compressor discharge. 
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APPLICATIONS 

A sample of output from the program is shown in Appendix D. 
This output corresponds to the design condition. The output is 
displayed in the order of the sequence number of the components 
shown in Fig. 1. The linkage point number LN and the flow path 
number NF correspond to the numbers on Fig. 1. 

As the first application, the influence on the J-T valve open 
rate is analyzed and the results are shown in Figs. 4-6. Figures 
4 and 5 show the tendency of the flow rates at several flow paths 
and Fig. 6 shows the tendency of the temperature at several points 
corresponding to the open rate of the J-T valve. The Cv value 
corresponding to the design condition is about 90. The liquid 
helium production and liquid nitrogen consumption take maxima at 
around the design point. 

As the second application, the performance of CHL is analyzed 
on the condition that the discharge pressure of the compressor is 
the same as design condition, 11.9 atm, and that the open rates of 
the J-T valve and the turbine #l (T-l) inlet valve are changed. 
The J-T valve and T-l valve are two main control valves in this 
system. The results are shown in Fig. 7. The curve A shows the 
helium production corresponding to the discharge flow rate of the 
compressor on the condition that the open rate of-the T-l inlet 
valve is constant and the open rate of J-T valve is changed. The 
other curves similar to curve A show the results in the case of 
the corresponding open rates of the T-l inlet valve. The curve B 
shows the maximum helium production corresponding to the discharge 
flow rate of the compressor; that is the performance curve for 
CHL on this condition. 

Another performance curve on condition that the discharge 
pressure of the compressor is 9.9 atm is shown in Fig. 8. From 
the comparison between Figs. 7 and 8, it is the best way to keep 
up the discharge flow rate of the compressor for producing the 
most liquid helium at the reduced operation mode. 

The performance curve for another reduced operation is shown 
in Fig. 9. In this case, the discharge pressure is 11.9 atm, the 
design pressure, but the turbine #2 inlet valve is closed or the 
turbine #2 is isolated from the process line. The liquid helium 
production decreases remarkably. 
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APPENDIX A 

HOW TO USE THE SIMULATION PROGRAM FOR CHL 

1. Starting up. 

a. Log in. 

b. Type the following commands: 

/GET,HEREF/UN=V3055 
/GET,ELMDATA/UN=V3055 
/GET,INTDATA/UN=V3055 
/HEREF 

HEREF is a procedure program which contains the commands 
for transferring the permanent files to the local files, compiling, 
linking and executing the several kinds of programs. ELMDATA 
contains information about the refrigeration equipment and the 
linkage relationship among the equipment. A sample ELMDATA is 
shown in Appendix B. INTDATA contains the initial data of pressure, 
temperature, and enthalpy at each linkage point and the data of flow 
rate at each flow path. A sample INTDATA is shown in Appendix C. 
It takes a few minutes to start the calculation. 

2. Printing the results. 

When the calculation is completed without errors, "NORMAL END" 
appears on the terminal. The result of the calculation is written 
in a local file called ROUTPUT. To print ROUTPUT, type 

/R, ROUTPUT 
/ROUTE,ROUTPUT,DC=PR 

3. Rerun. 

To rerun the program with the same INTDATA that was used at 
the previous run, type 

/HEREFR 

4. Continuation of the run. 

When the number of repetition of the calculation reaches the 
specified limit (default: 100 cycles) but the temperature distri- 
bution does not converge, the following message appears on the 
screen: 

"THE CALCULATION IS NOW ON THE REPETITION LIMIT. PLEASE TYPE 
(HEREFC) TO CONTINUE THE CALCULATION." 

To continue the calculation, type 

/HEREFC 
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5. Time limit. 
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When the program does not get to the end in the time limit 
specified by the computer “TIME LIMIT” appears on the screen. 
To terminate the run, type 

/"CTRL" + T 

then reduce the number of repetition limit of the local file 
ELMDATA. To rerun the program, type 

/HEREFR 

6. Post-mortem dump. 

In case of a fatal computation error, a post-mortem dump 
will be generated on the file PMDUMP. To examine this dump, type 

/R,PMDUMP 
/C,PMDUMP 

7. Change ELMDATA and/or INTDATA. 

To edit the data of ELMDATA and/or INTDATA, use ICE. 
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